Abstract Using an innovative method, a Single-Target Implicit Association Test (ST-IAT) was created to explore the implicit theories of intelligence among science and liberal arts teachers and their relationships with their gender. The results showed that for science teachers-especially for male teachers-there was a negative implicit association between "intelligence" and "modifiable" stimuli, whereas liberal arts teachers had no implicit association between these two variables. The results are discussed in comparison with previous explicit measures, and the implications for teacher training are highlighted.
Using implicit measures to highlight science teachers' implicit theories of intelligence Nicolas Mascret & Peggy Roussel & François Cury Introduction In their review of the literature on attitudes to science, Osborne et al. (2003) identified the many factors of influence such as gender, teachers, curricula and cultural and other variables. Beliefs about intelligence in maths and science domains were considered as influent factors. Implicit theories of intelligence are prominent constructs in contemporary research interested in what individuals think about the nature of intelligence. Implicit theories are personal beliefs or baselines and not necessarily the truth. Two conceptions of the nature of intelligence were highlighted (Dweck 1986 (Dweck , 1999 Dweck and Leggett 1988) : "entity theory", in which intelligence is considered innate, stable, like a gift or a talent, and "incremental theory", in which intelligence is considered improvable and depends on effort and work. In the educational context, entity theory was expected to be a negative predictor of students' performance, and incremental theory often results in more adaptive outcomes than entity theory (for reviews, see Dweck and Molden 2005; Dweck and Sorich 1999; Good et al. 2003) . Numerous studies have been conducted on implicit theories of intelligence among students, and the proposal that entity theory has negative implications for performance has received strong empirical support (e.g. Carr and Dweck 2011; Dweck 1999; Gonida et al. 2006; Stipek and Gralinski 1991) . For example, entity theory and incremental theory were respectively negative and positive predictors of maths performance .
The belief that mathematical intelligence is a fixed trait is a common stereotype (e.g Good et al. 2012; Stipek et al. 2001) . It represents a mainstream perspective of the habitual scientific construct of intelligence as innate and fixed (Plaut and Markus 2005) . Students believed that those who are capable of doing mathematics were born with a "mathematical gene" (Muis 2004) . They believed that ability in mathematics is innate whereas more incremental views of ability in English and social studies were found (Schoenfeld 1989) . To study implicit theories of intelligence seemed to be heuristic in an educational context and not only with students, especially in order to identify whether entity and incremental theories were linked with teachers' disciplines. Murrone and Gynther (1991) showed that teachers have implicit theories of intelligence, but these depend on their level of dogmatism and vary according to the context. In general, Calderhead (1996) and Bråten and Stromso (2004) identified the fact that different academic disciplines include different epistemological beliefs about what knowing means. Myers et al. (2003) showed that the teachers' discipline could influence their preferences for either an entity or incremental theory. According to these authors, entity theory could be more frequent in mathematics disciplines. Beach (2003) and Beach and Dovemark (2007) identified the fact that maths skills are often seen to represent an innate ability by maths teachers, and differential performances in maths are felt by mathematics teachers to reflect natural differences in intelligence. Recently, Jonsson et al. (2012) showed that teachers had a significant preference for an incremental theory rather than an entity theory of intelligence. Results were similar with future teachers (Jonsson and Beach 2010) . However, the entity theory of intelligence may be more pronounced among teachers of mathematics. The study of implicit theory of intelligence among teachers regardless of their discipline is not currently much developed. To assess teachers' entity and incremental theories of intelligence, several self-reported explicit measures have been developed, like Dweck's (1999) Theories of Intelligence Scale (TIS). But, implicit measures of theories of intelligence do not exist for the moment.
Implicit social cognition is not accessible to conscious introspection. To assess this phenomenon, self-reported measures are not suitable (Greenwald and Banaji 1995) . Even if some studies (e.g. Jonsson et al. 2012; Myers et al. 2003 ) have highlighted the fact that self-reported measures on implicit theories of intelligence identified differences with mathematics and science teachers, one might think that social desirability (e.g. Crosby et al. 1980; Crowne and Marlowe 1960) would inhibit some teachers from explicitly declaring an entity theory of intelligence. Social desirability is the tendency of respondents to answer questions in a manner that will be viewed favourably by others, to present themselves in the best possible light. Subjects' desire to be perceived positively is widely assumed to be a potential source of distortion of self-report measures. For teachers, declaring that intelligence is innate, stable, a gift or a talent should be surprising, because of the objective of the teacher's work that is to enable his pupils to acquire competences, and so to contribute, in part, to the development of their intelligence. The Implicit Association Test (IAT) provides a computer-based measure of the strengths of automatic associations, in order to evaluate implicit cognitive constructs (Greenwald et al. 1998) . The IAT measure (or IAT effect) is based on the difference of latencies in classifying four categories of stimuli. The basic principle is that it is easier for a subject to pair concepts (e.g. flower) with attributes (e.g. pleasant attributes like wonderful, happy) usually associated with them in his own experience. It is more difficult to pair the concept "flower" with unpleasant attributes (e.g. disgust, hatred, gun), whereas it is easier to pair these unpleasant attributes with another concept (e.g. insect). So, IAT measures the latency of association of stimuli (words, images) in a compatible condition (like "flower-pleasant" and "insect-unpleasant") compared with an incompatible condition (like "flower-unpleasant" and "insect-pleasant"). Ease or strength of implicit association is measured by the speed of response to one type of pairing compared with another type. The presence and nature of the second contrasting category can shape the attitude that is revealed (Nosek and Banaji 2001) . IAT is heuristic for measuring implicit social cognition especially in the domains of attitudes, stereotypes and identity (Greenwald et al. 2002; Greenwald et al. 2003) .
To our knowledge, there was only one IAT linked to implicit theories of intelligence (Fujii and Uebuchi 2010) , in Japanese. The target concepts were intelligence and luck, so, this IAT measured whether individuals associated their results more strongly with one than the other. Hence, this IAT did not really measure implicit theories of intelligence, such as entity or incremental theories (Dweck 1986 (Dweck , 1999 Dweck and Leggett 1988) . Another IAT (Dislich et al. 2012 ) highlighted implicit self-concepts of intelligence, but not really the implicit theories. These two IAT about intelligence were not used with teachers. A problem soon arose with the concept of intelligence: in the IAT procedure, many attitude objects had a complementary category (Greenwald and Farnham 2000) , and it was interesting to compare one with the other (e.g. positive-negative, self-other, male-female, young-old), but this was not the case for the concept of intelligence. The IAT cannot reveal the evaluative associations with a single-target concept (Karpinski and Steinman 2006) . So, based on the theoretical framework of IAT, Karpinski and Steinman created the Single Category Implicit Association Test (SC-IAT). The SC-IAT is conceptually identical to the Single-Target IAT (ST-IAT; Bluemke and Friese 2008; Wigboldus et al. 2004 ) and had only minor procedural differences: the ST-IAT included an initial practice stage with only good and bad target words, had fewer target words in each stage and did not use a response window for slow answers (Karpinski and Steinman 2006) . For the moment, no IAT, ST-IAT or SC-IAT existed to identify implicit theories of intelligence.
The first aim of our study was to create an IAT which could highlight whether individuals adhered to an entity theory (intelligence is more stable than modifiable) or an incremental theory (intelligence is more modifiable than stable). The second aim was to use this implicit measure with science and liberal arts teachers, in order to identify whether there were differences in teachers' conceptions of intelligence according to their academic discipline.
Method

Participants
Data were collected from ten French lower secondary schools (students aged 11-15) in the greater Marseille area. Permission was granted by the school principal to contact teachers directly. Sixty volunteer teachers (21 male, 39 female, mean age=27.78) in several academic disciplines-mathematics (16) and biology (14), categorized as "science" and French (14) and history (16), categorized as "liberal arts"-voluntarily participated in the study. Each participant completed the ST-IAT individually.
Stimuli and pilot test
Twenty-five nouns were selected by a first 20 pilot French teacher sample in order to create the lexical stimuli: seven "stable" words, seven "modifiable" words and nine "intelligence" words. Subsequently, the words were rated in a first step by a second 125 pilot teacher sample (mathematics, biology, French and history teachers) for their degree of link with "stable," "modifiable" and "intelligence" on a 5-point scale (1=not at all, 5=extremely). The five words with the most extreme evaluation for each category were retained. For "stable" and "modifiable" stimuli, word length was controlled by counting the numbers of letters, and there were no significant differences (t(8)=−.53, p=.61) between "stable" words (M=9.2, SD=1.64) and "modifiable" words (M=9.8, SD=1.92). In a second phase, the words were rated by the same sample for the degree to which they were "stable" related or "modifiable" related on a 5-point scale (1=strongly linked to "stable", 3=neither "stable" linked nor "modifiable" linked, 5= strongly linked to "modifiable"). The "stable" words were rated as more "stable" related (M= 1.98, SD=1.22) than the "modifiable" words, and the "modifiable" words were rated as more "modifiable" related (M=4.32, SD=0.92) than "stable" words. Based on these ratings, fifteen words were selected and used as lexical stimuli in the ST-IAT (see Appendix): five "stable" words (consistent, balanced, stationary, immobile, permanent), five "modifiable" words (mutable, convertible, malleable, progressive, adaptable) and five "intelligence" words (understanding, capacity, skill, aptitude, discernment). Decisions about the number of stimuli to use for an IAT can be based on pragmatic concerns, with at least four stimulus items per category appearing to be ideal but two items per category being sufficient (Nosek, Greenwald and Banaji, 2005) .
Design and procedure Participants were tested alone each time. Each participant was seated at a desk with a personal computer with a 15-in. monitor using Inquisit 3 software. Following the ST-IAT procedure (Bluemke and Friese, 2008) , the measure design consisted of 80 trials divided into two combined blocks. Participants started with a training block (20 trials) for the evaluative words prior to each combined block. Each stimulus was presented at least twice, adding up to 40 trials per combined block. Participants placed one finger on the E key (the left key) of the keyboard and another finger on the I key (the right key). "Intelligence" words were the target concept, and stable and "modifiable" words were the attribute concepts. In the training blocks, they were instructed to respond by pressing a key (e.g. the left key) each time an item that represented the category stable (e.g. immobile, permanent) appeared in the centre of the screen, or the other key (e.g. the right key) each time an item that represented the category modifiable (e.g. adaptable, mutable) appeared. Then the category intelligence only appeared on one side of the computer screen, and subjects were instructed to respond by pressing the appropriate key (left or right) when an item linked with intelligence (e.g. aptitude, understanding) appeared in the centre of the screen. For the other half of the task, the target concept was switched to the other key. The difference in response latency between the average speed of response to "intelligence" and stable items when they were paired together, and the average speed of response to "intelligence" and "modifiable" items when they were paired together was analysed.
Based on Greenwald et al. (2003) , ST-IAT scores were computed by using the D-score algorithm for the ST-IAT data Friese 2006, 2008) . Following these authors, responses less than 300 ms, responses more than 3000 ms and nonresponses were eliminated. The average response times of the first combined block (e.g. stable-intelligence) were subtracted from the average response times of the second combined block (e.g. modifiable-intelligence). This quantity was divided by the standard deviation of all correct response times within the first and the second combined blocks, using only responses to critical trials. Classically, data from participants who had an error rate of greater than 20 % on the ST-IAT are removed from analyses. This was not the case in our study; consequently, all participants were included in the results.
Results
Preliminary results
One-way ANOVA comparing ST-IAT scores for science teachers according to their academic discipline (mathematics versus biology) was not significant (F(1, 28)=.07, p=.80). Another one-way ANOVA comparing ST-IAT scores for liberal arts teachers according to their academic discipline (French versus history) was not significant (F(1, 28)=.47, p=.83). Moreover, data analysis revealed equal variance between the four discipline groups concerning the ST-IAT score (Hartley F max =2.85, p=.31). Consequently, responses from teachers of mathematics and biology were categorized as "science teachers' scores" (n=30), and responses from teachers of French and history were categorized as "liberal arts teachers' scores" (n=30).
Main results
According to the Implicit Association Test analysis (e.g. Bluemke and Friese 2008; Greenwald et al. 2003; Karpinski and Steinman 2006) , the ST-IAT revealed no significant association (D= −0.04) between intelligence and attributes tested ("stable" and "modifiable") for all teachers, whatever their academic discipline. Separate analyses revealed for science teachers a negative slight to medium-sized association between "intelligence" and "modifiable" (D=−0.20) compared with "stable". The IAT is assumed to be a measure of the relative strength of association between concept-attribute pairs (Nosek et al. 2005) ; consequently, our results evidenced the fact that science teachers have a stronger negative automatic association between "intelligence" and "modifiable" than between "intelligence" and "stable", but the results did not necessarily mean that the association between "intelligence" and "modifiable" was rejected by science teachers. No significant association (D=0.12) was found between "intelligence" and "modifiable" for liberal arts teachers.
An ANOVA conducted on ST-IAT score revealed (1) a significant effect of type of discipline (F(1,56)=16.83, p<.001, η p 2 =.23), evidencing that science teachers obtained a higher negative implicit association between "intelligence" words and "modifiable" words (M=−0.20, SD=0.36) than liberal arts teachers (M=0.12, SD=0.27); (2) a nearly significant effect of gender (F(1, 56)=3.95, p=.052, η p 2 =.07), indicating that male teachers tended to obtain a higher negative implicit association between "intelligence" words and "modifiable" words (M=−0.22, SD=0.43) than female teachers (M=0.05, SD=0.27); and (3) a significant interaction between the two independent variables (F(1, 56)=6.52, p<.02, η p 2 =.10). Newman-Keuls analyses evidenced the fact that male science teachers obtained a higher negative implicit association between "intelligence" words and "modifiable" words (M= −0.41, SD=0.38) than male liberal arts teachers (M=0.15, SD=0.24, p<.001); on the other hand, no significant differences were observed between female science teachers (M=0.03, SD=0.25) and female liberal arts teachers (M=0.11, SD=0.29, p=0.28) for an implicit association between "intelligence" words and "modifiable" words. Furthermore, male science teachers obtained a higher negative implicit association between "intelligence" words and "modifiable" words (M=−0.41, SD=0.38) than female teachers in science disciplines (M= 0.03, SD=0.25, p<.003); by contrast, no significant differences were found between male liberal arts teachers (M=0.15, SD=0.24) and female liberal arts teachers (M=0.11, SD=0.29, p=0.69).
Discussion
Our study used a Single Category Implicit Association Test in order to identify teachers' implicit theories of intelligence according to their discipline. The three main results of the study showed that with implicit measures, (1) for science teachers, there was a negative implicit association between "intelligence" and "modifiable", compared with "stable"; (2) liberal arts teachers had no implicit association between these two variables; and (3) male science teachers had a higher negative association between "intelligence" and "modifiable" than other teachers (female science teachers and liberal arts teachers, regardless of their gender).
Firstly, compared with liberal arts teachers, science teachers had a negative implicit association between "intelligence" and "modifiable". Previous studies conducted in the education domain with explicit measures (Beach 2003; Beach and Dovemark 2007; Bråten and Stromso 2004; Jonsson et al. 2012; Myers, Nichols and White 2003) showed that intelligence was more often considered by science teachers as innate and stable than by other teachers. The results of the implicit measures used with teachers in our study were in line with previous explicit results. One of the central topics for research on unconscious processes is the link between implicit and explicit measures (e.g. Banaji et al. 2001; Greenwald and Banaji 1995; Greenwald et al. 2009 ). The first works on this relationship showed that the unconscious and the conscious might proceed independently and were not related (Banaji and Greenwald 1994; Banaji and Hardin 1996) . Thereafter, several studies showed that the correlation could vary from weak to strong and that explicit and implicit measures could be positively associated (e.g. Cunningham et al. 2001; Hofmann et al. 2005; Lepore and Brown 1997; Nosek et al. 2002b) . Implicitly, science teachers have negatively associated "intelligence" and "modifiable" words. The IAT was based on the fact that it ought to be easier to make the same behavioural response (a key press) to concepts that are strongly associated than to concepts that are weakly associated (Greenwald et al. 1998) . In contrast to the liberal arts teachers, it was easier for the science teachers to associate "intelligence" with "stable" words than "modifiable" words, evidencing that they were more likely to endorse entity theory than other teachers, as in the results of the studies using explicit measures. However, in Jonsson et al.'s (2012) study, teachers in mathematics and science did not differ from other teachers in their preference between entity and incremental theories of intelligence. Explicit incremental scores were always higher for all teachers than entity scores, even if, as seen previously, entity scores were higher for science teachers than those for the others. Implicit measures evidenced the fact that this was not the case in our study. The results of the ST-IAT showed that teachers in science disciplines obtained a higher negative implicit association between "intelligence" words and "modifiable" words than with "stable" words, which was in line with adherence to an entity theory. In explicit measures, social desirability would deter some teachers from explicitly declaring an entity theory of intelligence, which partly explained why explicit incremental scores are always higher than entity scores for teachers as a whole, regardless of their disciplines (Jonsson et al. 2012) . In implicit measures, the results of our study evidenced that there was no automatic and implicit association between "intelligence" and "modifiable" for all the teachers who participated in the study, and a negative slight to medium-sized implicit association for science teachers. Measures of implicit cognition differed from self-report in that they can reveal mental associations without requiring an act of introspection (Nosek et al. 2005) . Because IAT is a relative measure, incremental theory was not rejected by science teachers in implicit measures, but an implicit association between "intelligence" and "stable" was stronger than between "intelligence" and "modifiable", contrary to explicit measures. Furthermore, in Jonsson et al.'s (2012) explicit study, the teachers in social science and practical disciplines had significantly stronger belief in incremental theories and less belief in entity theories. In our research, no significant implicit association was found for liberal arts teachers between "intelligence" and "modifiable", or between "intelligence" and "stable". However, according to the Implicit Association Test analysis (e.g. Bluemke and Friese 2008; Greenwald et al. 2003; Karpinski and Steinman 2006) , the ST-IAT score of our study revealed for liberal arts teachers a nearly significant positive association between "intelligence" and "modifiable". So, the tendency was similar for liberal arts teachers in explicit and implicit studies.
Our study also showed that male science teachers are more likely to have a higher negative implicit association between "intelligence" and "modifiable" than other teachers (female science teachers and liberal arts teachers, regardless of their gender). Whereas there was no significant difference in terms of mathematical performance between men and women (ElseQuest et al. 2010; Lindberg et al. 2010) , science and maths aspirations and achievement were influenced by the stereotype that in general, men are naturally more gifted and interested in these areas than women (e.g. Frome and Eccles 1998; Kiefer and Sekaquaptewa 2007; Li 1999) . Consequently, male science teachers were likely to consider that intelligence is stable because their implicit theory of intelligence was in line with the initial stereotype that men were naturally good at mathematics and science rather than women. Good et al. (2012) highlighted that the sense of belonging to maths (i.e. one's feelings of membership and acceptance in the maths domain) was a new factor and a new scale that can explain differences between men and women in this domain. The maths ability stereotype (maths intelligence is a fixed trait) and the maths gender stereotype (women underperform rather than men in maths) affected women's sense of belonging to maths (but not men's), their maths grades and their desire to pursue maths in the future. The maths gender stereotype was also studied with IAT (e.g. Cvencek et al. 2011; Kiefer and Sekaquaptewa 2007; Liu et al. 2010; Nosek et al. 2002a, b; Nosek et al. 2009; Park et al. 2001) and confirmed the previous explicit results. If they are now science teachers, females who participated in our study should think that hard work and training were necessary to overcome the stereotype that science is a male field, which would allow us to suppose that they did not have an implicit association between "intelligence" and "stable" in the ST-IAT.
When science teachers themselves adhered to an entity theory of intelligence, they might intentionally or unintentionally activate the stereotype that maths-science intelligence is fixed, innate or a gift. Addressing this latter issue and identifying implicit theories of intelligence with implicit measures like the ST-IAT used in our study were important with regard to the educational context. Indeed, teacher beliefs seemed to be taken over by the pupils through feedback connections (e.g. Rosenthal and Jacobson 1992) and affected their performances on learning tasks. Teachers who considered maths ability to be a fixed trait perceived themselves to be less effective and had stronger needs to control student behaviour than did teachers who believed that maths ability can readily change (Midgley et al. 1988) . Trouilloud et al. (2006) identified the fact that teachers had stronger tendencies toward creating a competitive climate in class when they pursued entity theory. They were also likely to have performance-avoidance goals which are often deleterious for teaching efficacy (Shim, Cho and Cassady 2013) . This kind of teachers seemed to promote their pupil's inner motivational resources less well than teachers who followed incremental theory (Leroy et al. 2007 ). Rattan et al. (2012) study was the first to investigate the relations between the implicit theories of intelligence and the instructional practices of mathematics instructors and teachers when students had difficulties. They observed that teachers who endorse entity theory tended to confirm students in their low ability when they failed (e.g. part of the paper's title: "It's ok -Not everyone can be good at math"), and they explained their failure by a lack of maths intelligence. So, this kind of teachers confirmed students in their maths stereotype, and even demotivated them, because participants in entity conditions endorsed a significantly more fixed belief about maths intelligence than those in the incremental theory condition. This result is very interesting for understanding the consequences of teachers' instructional practices, in order to increase students' success at school. Indeed, some studies show that adult entity theorists often diagnose people's stable traits (which is not the best way to increase students' skills), whereas incremental theorists think that people can progressively change (e.g. Butler 2000; Plaks et al. 2001) .
Limitations and directions for future studies can be envisaged. The ST-IAT was found to be a valid and reliable measure of implicit social cognition (Bluemke and Friese 2008) . It measures the evaluation of a target object without the need to simultaneously evaluate a counter-category, as in original IAT method. The choice between IAT and ST-IAT depends on the research question, and the ST-IAT seems more beneficial when a naturally opposing category is unavailable (Bluemke and Friese 2008) . ST-IAT may improve chances for obtaining higher criterion correlations. However, the ST-IAT could be suggested to provide ambiguous answers, because it could be considered as an absolute evaluation of the target concept (i.e. intelligence in the present study). But, the ST-IAT did not simply measure a general evaluation of intelligence. No attitude can be measured in absolute terms; all attitudes need a comparative judgement. Following Karpinski and Steinman (2006) , ST-IAT or SC-IAT can be used to eliminate one comparative dimension but not both of the comparative dimensions. There is in the present study a culturally complementary comparison (men vs women) and a discipline-based one (liberal arts vs science). These categories could be discussed. Only based on a sex categorization in our work, the feminine and masculine gender (Bem 1974) of the teachers could also be identified. Concerning disciplines, further pairwise comparisons could provide a more accurate picture, as social class, age, kind of teacher training, years of experience or type of school. But, the actual sample size was quite small to include these variables. We based the present study only on the distinction between science and liberal arts disciplines, following Nosek et al. (2002a) work. Future studies using implicit measures may incorporate other variables to seek higher understanding of teachers' beliefs about intelligence.
Conclusion
Our study showed with implicit measures that male science teachers are more likely to endorse the entity theory of intelligence than female science teachers and liberal arts teachers, regardless of their gender. Implicit theory of intelligence can now be identified with classic self-reported measures and implicit measures with ST-IAT, in order to control for the social desirability that can potentially be attached to teachers' conceptions of intelligence. Even if it has been suggested that implicit theories of intelligence were hard to change in initial teacher education (Pajares 1992) , it is an important issue, because Deemer (2004) showed how teachers' beliefs about teaching and learning influenced their instructional practices and students' goals in the classroom. 
